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The mesopelagic  f auna  o f  t h e  w e s t e r n  and n o r t h e r n  
Arabian  Sea between Mogadisco and t h e  Indo-Pakis tanean 
b o r d e r  was s t u d i e d  w i t h  R/V "Dr. F r i d t j o f  Nansen" d u r i n g  
1975-1976. 
A DSL l a y i n g  i n  d e p t h s  between abou t  250 and 350 m 
was found i n  t h e  whole a r e a .  I n  t h e  n o r t h - w e s t e r n  p a r t  o f  
t h e  a r e a  and sometimes i n  t h e  Gulf o f  Aden, an a d d i t i o n a l  
l a y e r  was found between a b o u t  100 and 200 m. 
Benthosema p t e r o t u m  and B.  f i b u l a t u m  were t h e  most 
-
abundant  s p e c i e s  i n  t h e  a r e a  b u t  Diaphus spp.were a l s o  
numerous. The Benthosema s p e c i e s  s e e m  t o  have  a  l i f e  c y c l e  l 
o f  one y e a r  o r  less. 
The biomass was e s t i m a t e d  u s i n g  a  38 kHz echo  sounder  
and e l e c t r o n i c  i n t e g r a t i o n  t e c h n i q u e .  The a r e a  was covered  l 
f i v e  t i m e s  and t h e  e s t i m a t e d  abundance o f  mesopelagic  f i s h  l 
was 102 m i l l i o n  t o n s  ( r a n g e  56-148 m i l l i o n  t o n s ) .  l 
E s t i m a t e s  from t h e  s p r i n g  were h i g h e r  t h a n  t h o s e  from summer l 
and autumn. 
With a  1360 mesh p e l a g i c  t r a w l  c a t c h  r a t e s  a s  h igh  
a s  20 tonnes /hour  o f  t r a w l i n g  were reached.  
I N T R O D U C T I O N  
S t u d i e s  on t h e  f i s h  fauna  o f  t h e  Arabian  Sea  c a r r i e d  
o u t  from R/V "Dr. F r i d t j o f  Nansen" d u r i n g  t h e  y e a r s  1975-1976 
showed t h a t  t h e  mesope lag ic  f i s h e s  were f a r  more abundant  t h a n  
any o f  t h e  o t h e r  f i s h  groups (ANON. 1 9 7 7 a ) .  Examinat ion o f  
eggs  and l a r v a e  from t h e  a r e a  (AHLSTROM 1968, NELLEN 1973,  
FURSA 1973, ALI KHAN 1973) g i v e  t h e  same i n d i c a t i o n .  
The s t u d i e s  o f  eggs  and l a r v a e  and o f  t h e  a d u l t  f i s h  i n d i c a t e  
t h a t  t h e  myctophids i s  t h e  dominant group o f  mesope lag ic  f i s h .  
Taxonomy and d i s t r i b u t i o n  of  myctophids from t h e  
Arabian  Sea have been s t u d i e d  by NAFPAKTITIS & NAFPAKTITIS (1969) 
and by KOTTHAUS (1962) .But  t h e i r  l i f e  h i s t o r y ,  eco logy  and 
abundance a r e  l a r g e l y  unknown. There  a r e ,  however,  s e v e r a l  
s t u d i e s  of  t h e  eco logy  o f  t h e  mesope lag ic  f auna  i n  t h e  e a s t e r n  
I n d i a n  Ocean (@.g .  LEGAND & RIVATON 1967,  1969,  LEGAND -- e t  a l .
1972) and i n  t h e  more s o u t h e r l y  p a r t s  o f  t h e  w e s t e r n  I n d i a n  
Ocean (BRADBURY -- e t  a l . 1970,  MAKSHTAS & RYABTSEV 1 9 7 3 ) .  
I n  t h e s e  w a t e r s  some a c o u s t i c a l  ~ o r k  h a s  a l s o  been c a r r i e d  o u t ,  
b u t  no abundance e s t i m a t e s  have been made ( e . g .  HALL 1971, 1 9 7 3 ) .  
A g e n e r a l  d e s c r i p t i o n  o f  t h e  hydrography o f  t h e  
Arabian  Sea h a s  been g i v e n  by e . g .  WYRTKI (1973) .  WOOSTER - e t
a l .  (1967) p o i n t e d  o u t  t h a t  t h e r e  i s  "ex t remely  h i g h  r a t e  o f  
-
pr imary  p r o d u c t i v i t y  and zooplankton i n  t h e  Arabian  Sea ,  
e s p e c i a l l y  a l o n g  t h e  w e s t e r n  s i d e " .  They a l s o  s t a t e d  t h a t  t h e  
pr imary  p r o d u c t i v i t y  i s  " a s  l a r g e  a s  o r  l a r g e r  t h a n  t h a t  
encoun te red  i n  such  u p w e l l i n g  a r e a s  a s  t h e  e a s t e r n  boundary 
c u r r e n t s  a l o n g  t h e  c o a s t  o f  P e r u ,  o r  o f f  West A f r i c a " .  
A review o f  s t u d i e s  o f  pr imary  p r o d u c t i o n  and an  a n a l y s i s  of 
t h e  t r a n s f e r  between p r imary  and secondary  p r o d u c t i o n  was 
p u b l i s h e d  by CUSHING (1973) . 
The p r e s e n t  s t u d y  i s  based  on t h e  c r u i s e s  w i t h  R/V 
" D r .  F r i d t j o f  Nansen", c o v e r i n g  t h e  a r e a  between Mogadisco i n  
Somalia  and t h e  Indo-Pak i s t anean  b o r d e r  t w i c e  i n  1975 and t h r e e  
t i m e s  d u r i n g  1976. I t  aims t o  g i v e  a n  i n d i c a t i o n  o f  t h e  abun- 
dance  o f  mesope lag ic  f i s h  and t h e i r  p r o d u c t i o n  i n  t h e  w e s t e r n  
and n o r t h e r n  p a r t s  o f  t h e  Arabian  Sea.  The behav iour  o f  t h i s  
fauna  and v a r i o u s  a s p e c t s  of  t h e  ecology o f  some of  t h e  more 
impor t an t  s p e c i e s  a r e  a l s 0  t r e a t e d .  
The c r u i s e s  of  R/V " D r .  F r i d t j o f  Nansen" mainly  
covered t h e  near - shore  a r e a s .  Only t h e  upper 450 meter l a y e r  
was sampled w i t h  t h e  echo i n t e g r a t o r  system and most t r a w l i n g  
was a l s o  c a r r i e d  o u t  i n  t h i s  l a y e r .  The deeper  l i v i n g  meso- 
p e l a g i c  and b a t h y p e l a g i c  f i s h e s  a r e  t h e r e f o r e  n o t  covered 
r e p r e s e n t a t i v e l y  and t h e  n e r e t i c  and s u r f a c e  m i g r a t i n g  mycto- 
ph id s  a r e  dominat ing i n  t h e  m a t e r i a l .  
M A T E R I A L  A N D  M E T H O D S  
The m a t e r i a l  used i n  t h i s  s t u d y  was c o l l e c t e d  d u r i n g  
t h e  c r u i s e s  o f  R/V "Dr. F r i d t j o f  Nansen" i n  t h e  Arabian  Sea 
between Mogadisco and t h e  Indo-Pakis tanean bo rde r .  The a r e a  
(F ig .  1) was covered f i v e  times: 
C r u i s e s  1, 2  1 4  January  - 3  J u l y  1975 
C r u i s e  3  17 August - ' 2 2  November 1975 
C r u i s e  4 9  January  - 31 March 1976 
C r u i s e  5  9 A p r i l  - 23 June  1976 
C r u i s e  6 22 August - 23 November 1976 
Maps showing survey  g r i d s  and o t h e r  d e t a i l s  a r e  g iven  i n  t h e  
c r u i s e  r e p o r t s  (ANON. 1975, 1976a,  b ,  c ,  1977b) .  
The a c o u s t i c  equipment c o n s i s t e d  o f  t h r e e  s c i e n t i f i c  
sounders  (120, 50 and 38 kHz) ,  Two e l e c t r o n i c  echo i n t e g r a t o r s  
w i t h  two channe l s  each  were coupled t o  t h e  38 kHz echo sounder .  
The 38 kHz sounder  was o p e r a t e d  a t  a  b a s i c  range o f  0-250 m 
w i th  an  e x t r a  paper  r e c o r d e r  cove r ing  t h e  dep th  250-500 m. 
The e f f e c t  o f  t h e  t r a n s d u c e r  was 10 kw, t h e  p u l s e  l e n g t h  0.6 
msec and t h e  bandwidth 1 kHz. The angu l a r  a p e r t u r e  between 
3  dB p o i n t s  was 7.5O and t h e  sou rce  l e v e 1  130.2 dB/lp Bar r e f .  
1 m. The TVG ( t i m e  v a r i e d  g a i n )  was 20 l g  R + 2  aR, where R 
i s  t h e  d i s t a n c e  between t h e  t r a n s d u c e r  and t h e  t a r g e t  and a 
i s  t h e  a t t e n u a t i o n  c o e f f i c i e n t .  On c r u i s e s  1 and 2  t h e  s d u r c e  
l e v e 1  was 132.0 d ~ / 1 ~  Bar r e f .  1 m. The i n t e g r a t o r  r e ad ings  
were t h e r e f o r e  d i v i d e d  by 1.5 t o  make them comparable w i t h  
t h o s e  o f  t h e  o t h e r  c r u i s e s .  
The echo i n t e g r a t o r s  (NAKKEN & VESTNES 1970,  FORBES 
& NAKKEN 1972) w e r e  i n t e g r a t i n g  t h e  echo i n t e n s i t i e s  i n  f o u r  
dep th  s l i c e s  between 8 and 450 meters. 
The fundamental  background f o r  t h e  i n t e g r a t i o n  method 
is :  When a  t ime v a r i e d  g a i n  compensat ing f o r  one way geo- 
m e t r i c a l  s p r e a d i n g  and two ways a b s o r p t i o n  o f  t h e  sound i s  
a p p l i e d  and t h e  v o l t a g e  of  each echo i s  s q u a r e d  b e f o r e  i n t e -  
g r a t i o n ,  t h e  o u t p u t  M o f  t h e  echo i n t e g r a t o r  i s  l i n e a r l y  r e l a t e d  
t o  t h e  number o f  f i s h  p e r  u n i t  a r e a  i n  t h e  i n t e g r a t e d  d e p t h  
columns (see FORBES & NAKKEN 1 9 7 2 ) .  
The number o f  f i s h  p e r  u n i t  a r e a  PA can be  w r i t t e n  
PA = CM + d ,  where C e x p r e s s e s  t h e  number o f  f i s h  p e r  u n i t  
a r e a ,  which c o n t r i b u t e s  one  u n i t  t o  t h e  i n t e g r a t e d  echo i n t e n -  
s i t y  and d  i s  t h e  l o w e s t  d e n s i t y  which can  b e  r e c o r d e d  (THORNE 
& WOODEY 1970,  M I D T T U N  & NAKKEN 1 9 7 7 ) .  M i s  measured i n  
m i l l i m e t e r  d e f l e c t i o n  p e r  n a u t i c a l  m i l e  and averaged  o v e r  f i v e  
m i l e s .  The d e n s i t y  c o e f f i c i e n t  C depends on f i s h  s p e c i e s  
and s i z e  and on t h e  c h a r a c t e r i s t i c s  o f  t h e  sounder  and i n t e -  
g r a t o r  sys tem used:  
where Ci i s  a n  i n s t r u m e n t a t i o n  c o n s t a n t ,  1 i s  f i s h  l e n g t h  and 
C, and b  a r e  c o n s t a n t s  f o r  a  g i v e n  s p e c i e s  (NAKKEN 1 9 7 5 ) .  
U s u a l l y  b i s  c l o s e  t o  two (NAKKEN & OLSEN 1 9 7 7 ) .  
I n  o r d e r  t o  a r r i v e  a t  a  d e n s i t y  c o e f f i c i e n t  C i n  
t e r m s  o f  w e i g h t  p e r  u n i t  a r e a ,  w e  have  t o  m u l t i p l y  e q u a t i o n  1 
w i t h  t h e  a v e r a g e  we igh t  W o f  t h e  f i s h  
where C, r e f e r s  t o  a  p a r t i c u l a r  i n t e g r a t i o n  s y s t e m  a p p l i e d  
on a  p a r t i c u l a r  s p e c i e s  o f  f i s h  and C2  i s  t h e  c o n d i t i o n  f a c t o r  
i n  t h e  l e n g t h  we igh t  e q u a t i o n .  The w e i g h t  o f  f i s h  p e r  u n i t  
a r e a  C which c o n t r i b u t e s  one u n i t  o f  t h e  i n t e g r a t e d  echo  W' 
i n t e n s i t y  i s  t h e n :  
The n u m e r i c a l  v a l u e  o f  CW a p p l i e d  t o  t h e  "Dr. F r i d t j o f  
Nansen" d a t a  was 10 .5  tonnes/mm p e r  n a u t i c a l  m i l e  . s q u a r e  
n a u t i c a l  m i l e .  T h i s  f i g u r e  was e s t a b l i s h e d  f o r  a  m i x t u r e  
o f  f i s h  s p e c i e s  w i t h  an average  l e n g t h  o f  a b o u t  17 cm 
(ANON. 1 9 7 7 a ) .  The d e n s i t y  c o e f f i c i e n t s  used i n  t h e  p r e s e n t  
s t u d y  a r e  c a l c u l a t e d  from e q u a t i o n  3  u s i n g  
where R i s  t h e  mean l e n g t h  ( i n  cm) o f  t h e  obse rved  meso- 
p e l a g i c  f i s h e s .  Hence, t h e  e s t i m a t e s  o f  abundance a r r i v e d  
a t  f o r  mesopelagic  f i s h  a r e  based on t h e  assumpt ion  t h a t  
t h e  s c a t t e r i n g  p r o p e r t i e s  o f  t h e s e  f i s h e s  a t  38 kHz a r e  
s i m i l a r  t o  t h o s e  o f  p e l a g i c  f i s h .  
Continuous watch was k e p t  on t h e  a c o u s t i c  i n s t r u m e n t s ,  
and f i s h i n g  was c a r r i e d  o u t  whenever t h e  echo sounder  re- 
c o r d i n g s  changed t h e i r  c h a r a c t e r i s t i c s .  Every day t h e  
a c o u s t i c  d a t a  were s c r u t i n i z e d  and compared t o  d a t a  from 
f i s h i n g  s t a t i o n s ,  I n t e g r a t o r  c o n t r i b u t i o n s  from f a l s e  
bot tom,  wakes e t c .  were d e l e a t e d ,  and t h e  remaining i n t e -  
g r a t o r  r e a d i n g s  were grouped i n  f o u r  c a t e g o r i e s :  s m a l l  
p e l a g i c  f i s h ,  mesopelagic  f i s h ,  demersa l  f i s h  and p l a n k t o n  
and O-group f i s h .  
I n  a d d i t i o n  t o  i d e n t i f i c a t i o n  o f  t h e  sound s c a t t e r e r s ,  
f i s h i n g  was a l s o  c a r r i e d  o u t  i n  o r d e r  t o  g e t  samples f o r  
b i o l o g i c a l  s t u d i e s .  The most comrnonly used g e a r  was a  
1360 mesh p e l a g i c  t r a w l  w i t h  1 cm i n n e r  n e t  i n  t h e  cod end ,  
O c c a s i o n a l l y ,  a  1600 mesh p e l a g i c  t r a w l  o r  a  bot tom t r a w l  
was used.  D e t a i l s  abou t  t h e  g e a r s  a r e  g i v e n  by ANON (1975) .  
A k r i l l  t r a w l  d e s i g n e d  by I n s t i t u t e  o f  F i s h e r i e s  Technology 
Research (BELTESTAD & BRUNVOLL 1975)  was a l s o  used a t  some 
s t a t i o n s .  
During a l l  f i s h i n g  o p e r a t i o n s  w i t h  t h e  p e l a g i c  
t r a w l s  t h e  ne t sonde  was used t o  moni tor  t h e  p o s i t i o n  o f  
t h e  t r a w l ,  r e l a t i v e  t o  t h e  f i s h .  
On a l l  c r u i s e s  t h e  myctophids were s o r t e d  o u t  and 
t h e  volume was measured o r  e s t i m a t e d .  On c r u i s e s  1, 3,  5 
and 6  random samples were p r e s e r v e d  i n  f o r m a l i n e  and b r o u g h t  
t o  t h e  l a b o r a t o r y  f o r  examinat ion.  On c r u i s e  4 i d e n t i f i c a t i o n  
and b i o l o g i c a l  s t u d i e s  were c a r r i e d  o u t  on board  immediately 
a f t e r  t h e  c a p t u r e ,  and a d d i t i o n a l  samples were p r e se rved  and 
b rought  t o  t h e  l a b o r a t o r y .  
S t anda rd  l e n g t h  was measured t o  t h e  n e a r e s t  m i l l i -  
meter o f  a l l  t h e  f i s h  s t u d i e d .  To make t h e  measurements 
from c r u i s e  4 comparable w i th  t h o s e  made on p r e se rved  m a t e r i a l ,  
t h e  e q u a t i o n  
e s t a b l i s h e d  f o r  Benthosema g l a c i a l e  was used (GJØSÆTER 1 9 7 3 ) -  
I n  some samples t h e  s e x ,  m a t u r i t y  s t a g e  and t h e  
c o n t e n t  o f  food i n  t h e  stomachs w e r e  a l s o  s t u d i e d .  O t o l i t h s  
w e r e  t a k e n  from a few f i s h e s  t o  coun t  pr imary growth l a y e r s .  
The o t o l i t h s  were s t u d i e d  by microscope w i t h  150-300 x 
magn i f i c a t i on .  
R E S U L T S  
DISTRIBUTION OF SPECIES 
The s p e c i e s  i d e n t i f i e d ,  e x c e p t  t h e  Diaphus s p e c i e s ,  
from t h e  c r u i s e s  a r e  l i s t e d  i n  Table  1. This  t a b l e  does  n o t  
g i v e  a complete p i c t u r e  o f  t h e  s p e c i e s  t aken  a s  o n l y  t h e  most 
numerous s p e c i e s  a r e  worked up i n  some o f  t h e  samples.  The 
genus Diaphus a r e  o n l y  p a r t l y  worked up and a more complete 
t r e a t m e n t  o f  t h i s  genus must a w a i t  t h e  r e v i s i o n  o f  I n d i a n  
Ocean Diaphus be ing  p repared  by NAFPAKTITIS ( p e r s .  comrn.). 
Some i d e n t i f i c a t i o n s  have ,  however, been c a r r i e d  o u t  based  
on r e f e r e n c e  specimens k i n d l y  i d e n t i f i e d  by D r .  N a f p a k t i t i s  
(Table  2 )  . 
A s  expec ted  from t h e  d i s t r i b u t i o n  o f  t h e  s amp l ing ,  
t h e  n e r e t i c  and s u r f a c e  m i g r a t i n g  s p e c i e s  a r e  dominat ing.  
Most o f  t h e  s p e c i e s  a r e  w e l l  known from t h e  a r e a ,  b u t  many 
of  t h e  r e c o r d s  from t h e  Gulf o f  Aden a r e  new a s  t h i s  a r e a  
ha s  been l i t t l e  s t u d i e d  p r e v i o u s l y .  
Area A. Gulf of  Oman (F ig .  1) , 
Benthosema pterotum was t h e  on ly  myctophid s p e c i e s  
caught  i n  t h e  a r e a .  La rva l  s t u d i e s  (NELLEN 1973) gave t h e  
same r e s u l t .  
Area B ,  Coast  o f  P a k i s t a n  
Benthosema pterotum was dominating i n  t h i s  a r e a  t o o  
on a l l  t h e  c u i s e s .  Ranging nex t  i n  abundance were v a r i o u s  
Diaphus s p e c i e s  of  which D . t h i o l l i e r e i  and - D.ashmeadil?) have 
been i d e n t i f i e d .  Benthosema f ibu la tum,  Hygophum proximum, 
Symbolophorus evermanni and Bo l in i ch thys  l ong ipes  were 
o c c a t i o n a l l y  caught .  
A s  i n  a r e a  B no sampling o f  mesopelagic f i s h  ha s  
been c a r r i e d  o u t  p r e v i o u s l y  b u t  l a r v a l  samples (NELLEN 1973, 
A L I  KHAN 1976) s u p p o r t s  t h e  impress ion of  a low d i v e r s i t y .  
Area C. The Arabian c o a s t  and t h e  ocean i c  a r e a  20° and 24'~.  
On c r u i s e s  3 and 6 ,  bo th  from autumn, Benthosema 
p te ro tum was dominating.  During c r u i s e  4 from t h e  e a r l y  
s p r i n g  - B. p terotum and v B. f i bu l a tum were about  e q u a l l y  
abundant .  Var ious  Diaphus s p e c i e s  and Bo l in i ch thys  l ong ipes  
w e r e  a l s o  p r e s e n t .  These r e s u l t s  d i f f e r  l i t t l e  from t h o s e  
o b t a i n e d  by KOTTHAUS (1972) from t h e  same a r e a .  
A r e a  D. Arabian Coast  between 15O and 20°N. 
On c r u i s e  3,  Benthosema f i bu l a tum was t h e  dominating 
s p e c i e s  wh i l e  - B. p terotum and 8. f i bu l a tum w e r e  abou t  e q u a l l y  
abundant  on c r u i s e  4. On c r u i s e s  5 and 6 v a r i o u s  Diaphus 
s p e c i e s  dominated, o f  which - D. r e g a n i ,  - D. t h i o l l i e r e i  and 
D. ashmeadi ( ? )  were t h e  most abundant  s p e c i e s .  D. l u t k e n i  
- - 
was a l s o  i d e n t i f i e d .  Myctophum spinosum, Symbolophorus 
evermanni,  Bo l in i ch thys  l ong ipes  and Lampanyctus macropterus  
w e r e  a l s o  caught .  
The n e a s h o r e  mesopelagic  fauna o f  t h i s  a r e a  has n o t  
been s t u d i e d  p r e v i o u s l y .  A comparison w i th  NAFPAKTITIS & 
NAFPAKTITIS (1969) d a t a  from t h e  o f f s h o r e  r eg ions  between t h e  
same l a t i t u d e s  s u g g e s t s  t h a t  t h e  fauna t h e r e  i s  much more 
d i v e r s e  t h a n  t h e  nea r sho re  fauna.  
Area E .  Gulf o f  Aden, West of  47OE. 
I n  t h e  i n n e r  p a r t  o f  t h e  Gulf o f  Aden, Benthosema 
p te ro tum was t h e  dominat ing s p e c i e s  excep t  on  c r u i s e s  3 and 
6 ,  bo th  c a r r i e d  o u t  d u r i n g  autumn. During c r u i s e  3 
Symbolophorus evermanni dominated and d u r i n g  c r u i s e  6 
S. evermanni and B. p te ro tum were e q u a l l y  abundant .  Ranging 
- - - 
n e x t  were Diaphus m. and Myctophum spinosum. M. - n i t i du lum,  
M. - au ro l a t e rna tum and Hygophum proximum were a l s o  observed.  
N e i t h e r  o f  t h e  Symbolophorus, Myctophum - nor  Hygophum s p e c i e s  
seem t o  have been r e p o r t e d  from t h e  Gulf o f  Aden p r ev ious ly .  
For  M. - n i t i du lum t h e  r e c o r d s  from t h e  Gulf o f  Aden a r e  t h e  
nor thernmost  known from t h e  I n d i a n  Ocean. 
Area F. Gulf o f  Aden between 47OE and 51°E. 
The myctophid fauna  o f  t h e  o u t e r  p a r t  o f  t h e  Gulf o f  
Aden was t h e  most d i v e r s e  observed d u r i n g  t h e  c r u i s e s .  
Dominating s p e c i e s  were Benthosema - f i bu l a tum,  B. p te ro tum 
and Diaphus spp.  Of t h e  s p e c i e s  i d e n t i f i e d  from t h i s  a r e a  
(sec Table  1) Hygophum proximum, t h e  Myctophum s p e c i e s ,  
Symbolophorus evermanni ,  Lampadena luminosa,  Bo l i n i ch thys  
l o n g i p e s ,  Lampanyctus t enu i fo rmes  and Cera toscope lus  warmingi 
a r e  n o t  p r e v i o u s l y  r e p o r t e d  from t h e  Gulf o f  Aden. For  
L. luminosa t h i s  r e c o r d  seems t o  be a nor thward e x t e n s i o n  of  
- 
i t s  known range  i n  t h e  I n d i a n  Ocean. 
Area C. Somali Coast  between l o 0  and 1 5 O ~ .  
On c r u i s e s  3 ,  4 and 6 Benthosema f i bu l a tum was t h e  
dominat ing s p e c i e s  i n  t h i s  a r e a ,  w h i l e  Sympolophorus evermanni 
was most abundant  d u r i n g  c r u i s e  1. 8. pte ro tum,  Hygophum 
proximum, Myctophum n i t i d u l u m ,  M. - spinosum, and 
Lampanyctus - t enu i fo rmes  were a l s o  eaught .  S e v e r a l  Diaphus 
s p e c i e s  w e r e  abundant  b u t  on ly  - D. r e g a n i  and D. t h i o l l i e r e i  
a r e  i d e n t i f i e d .  The r e c o r d s  a r e  w i t h i n  t h e  known geog raph i ca l  
r ange  o f  t h e s e  s p e c i e s .  
Areas H and I .  Coast  o f  Af r i ca  between O and l o O N .  
Benthosema f ibula tum,  Myctophum brachygnathum and 
Diaphus w. dominated t h e  ca t ches .  Of o t h e r  s p e c i e s  
E lec t rona  r i s s o i ,  Hygophum proximum, - B. pterotum, Symbo- 
lophorus evermanni, Bol in ich thys  l ong ipes ,  Lampanyctus 
tenuiformes,  L. n o b i l i s ,  Diaphus qarmani and - D. t h o i l l i e r e i  
were caught.  The ca t ch  of  - B. pterotum a t  3O 17'N i s  a  
southward ex t ens ion  of  t h e  known range of t h i s  s p e c i e s  i n  
Afr ican  wate rs .  
BEHAVLOUR 
To s tudy  t h e  d i u r n a l v a r i a t i o n  i n  t h e  behaviour of  
t h e  f i s h  and i t s  i n f l u e n c e  on t h e  echo recor ings ,  a  d i u r n a l  
s t a t i o n  was conducted i n  t h e  Gulf of  Oman ( 2 4 O  35'N 
57' 1 1 ' E )  from 5 . t o  6 March 1976.Benthosema pterotum was 
t h e  only  myctophid f i s h  found i n  t h e  a r e a  and dur ing  day- 
t ime t h i s  was d i s t r i b u t e d  i n  two l a y e r s .  The upper one 
( l a y e r  A)  g e n e r a l l y  l a y  between 130 and 200  m depth (F igs .  
2 ,  3 ) .  During t h e  f i r s t  day, i t s  mean c o n t r i b u t i o n  t o  t h e  
i n t e g r a t e d  echo i n t e n s i t y  was 292 mm p e r  n a u t i c a l  mi le .  
This  l a y e r  c o n s i s t e d  o f  very dence aggrega t ions  and o f t e n  
d e s c r e t e  schools .  The lower l a y e r  ( B ) ,  which was more 
difEuse, g e n e r a l l y  l a y  between 220 and 300 m,  sometimes 
ex tending  down t o  about  350 m. I ts  c o n t r i b u t i o n  t o  t h e  
i n t e g r a t e d  echo i n t e n c i t y  was 200  and 348 mm p e r  n .mile  
dur ing  t h e  f i r s t  and t h e  se<cond day r e s p e c t i v e l y .  
Both l a y e r s  were sampled, b u t  no d i f f e r e n c e  i n  
l e n g t h ,  ma tu r i t y  of gonads, f u l l n e s s  of stomachs o r  of 
d i g e s t i o n  of  t h e  stomach con ten t s  could be observed between 
f i s h e s  from t h e  two l a y e r s .  The migra t ion  towards t h e  
s u r f a c e  s t a r t e d  about  30 minutes be fo re  s u n s e t ,  and t h e  two 
l a y e r s  jo ined  a t  dep ths  between 10 and 1 0 0  m w i t h i n  h a l f  an  
hour a f t e r  sunse t .  During n i g h t  t h e  most dense consen t ra -  
t i o n s  were observed between 10 and 50 m depth  b u t  more 
d i f f u s e  record ings  .were ob ta ined  down t o  about 200 m. 
About 30 minutes be fo re  s u n r i s e  t h e  l a y e r s  s epa ra t ed  and 
migrated down t o  t h e i r  daytime depths .  The i n t e g r a t e d  echo 
i n t e n s i t y  was r a i s i n g  from about 300 mm p e r  n .mile  t o  
500 mm p e r  n .mi le  d u r i n g  t h e  n i g h t ,  probably  due t o  f i s h  
d r i f t i n g  o r  swimming i n t o  t h e  a r e a .  
During daytime t h e  depth  o f  t h e  A l a y e r  approximate ly  
corresponded t o  t h e  Os-minimum where less t h a n  1 .5  m l / l  o f  O2 
were p r e s e n t  (F ig .  5 ) .  The s a l i n i t y  and tempera tu re  a l s o  
had minima a t  t h i s  dep th .  Comparison o f  hydrograph ica l  d a t a  
and f i s h  d i s t r i b u t i o n  from o t h e r  a r e a s  showed t h a t  t h e  
myctophids were o f t e n  found i n  wa te r  w i th  less t h a n  0.5 m l  
O2 p e r  l i t e r  (F ig .  6 ) .  The mig ra t i on  p a t t e r n  observed 
du r ing  t h e  d i u r n a l  s t a t i o n  i s  r a t h e r  t y p i c a l  of  t h e  n e r e t i c  
a r e a s  where Benthosema pterotum and - B. f i bu l a tum dominated. 
I n  o f f s h o r e  a r e a s  a DSL i n  dep th  vary ing  between 
about  250 - 350 m was t h e  most g e n e r a l  f e a t u r e .  Th i s  l a y e r  
was s i m i l a r  t o  l a y e r  B a t  t h e  d i u r n a l  s t a t i o n  and it 
migra ted  towards t h e  s u r f a c e  d u r i n g  n i g h t .  I n  some a r e a s  
an a d d i t i o n a l  l a y e r  w a s  observed between about  350 and 
500 m dep th .  T h i s  l a y e r  gave much more d i f f u s e  r e c o r d i n g s  
on t h e  38 kHz echoisounder  and it c o n t r i b u t e d  l i t t l e  t o  t h e  
i n t e g r a t e d  echo i n t e n s i t i e s ,  a s  compared t o  t h e  o t h e r  l a y e r s .  
Th i s  l a y e r  o r  p a r t s  o f  it was sometimes found a t  t h e  same 
dep th  a l s o  du r ing  n i g h t  t i m e .  
The echo r eco rd ings  o b t a i n e d  a t  t h e  d i u r n a l  s t a t i o n  
(Fig .  4 )  may sugges t  a  dec rea se  i n  echo abundance d u r i n g  
s u n r i s e  and an i n c r e a s e  d u r i n g  s u n s e t .  The v a r i a t i o n  due 
t o  o t h e r  sou rce s  makes i t ,  however, imposs ib le  t o  draw any 
conc lu s ions .  
To f u r t h e r  s t udy  whether  t h e r e  i s  a d i u r n a l  v a r i a t i o n  
i n  t h e  echo r eco rd ings  from mesopelagic  f i s h  i n  t h e  upper 
450 meters, d a t a  from some s e c t i o n s  (Nos. 1-6 on Fig .  1) 
w e r e  ana ly sed  (F ig .  7 )  . To tes t  whether  t h e r e  was a d i f f e -  
r ence  i n  mean abundance d u r i n g  day and n i g h t ,  t h e  r e c o r d i n g s  
were t rans formed  u s i n g  In(M+l)  where M i s  f i v e  m i l e s  average  
of i n t e g r a t o r  d e f l e c t i o n  p e r  n .mi le .  The va lue s  o b t a i n e d  
d u r i n g  s u n r i s e  o r  s u n s e t  were n o t  i nc luded  i n  t h e  a n a l y s i s .  
The hypotheses  t h a t  t h e  mean o f  t h e  400 r eco rd ings  o f  M 
made d u r i n g  day w e r e  s i m i l a r  t o  t h o s e  345 made d u r i n g  n i g h t ,  
could  n o t  be r e j e c t e d  (t  = 1 . 1 9  p < 0 . 0 5 ) .  I t  i s  t h e r e f o r e  
l 
l 
concluded t h a t  a l though p a r t  of t h e  f i s h  s tock  may occas iona l ly  
s t a y  above t h e  upper l i m i t  of  i n t e g r a t i o n  ( 8  m )  dur ing  t h e  
n i g h t  o r  below t h e  lowest  l i m i t  (450 m )  du r ing  t h e  day,  t h i s  
does no t  g ive  a  s e r i o u s  d i f f e r e n c e  between day and n i g h t  
record ings .  These r e s u l t s  c o n t r a s t ,  however, w i t h  t hose  
ob ta ined  o f f  Pak i s t an  dur ing  t h e  summer 1977 by MYRSETH 
( i n  p r e p . ) .  The d a t a  from s e c t i o n  1 from t h e  Pakis tanean 
a r e a  were t h e r e f o r e  ana lysed  s e p a r a t e l y .  The r e s u l t  
( t  = 0.74 p < 0.05) was c o n s i s t e n t  wi th  t h a t  based on t h e  
whole m a t e r i a l .  
The i n t e g r a t e d  echo i n t e n s i t i e s  a long  s i x  s e c t i o n s  
( s e e  Fig.  1) ex tending  between 40 and 200 mi les  o f f s h o r e  
were recorded (Fig .  7 ) .  To t e s t  whether t h e r e  was a  
c o n k i s t e n t  r e l a t i o n  between i n t e g r a t e d  i n t e n s i t i e s  and 
d i s t a n c e  from t h e  s h o r e , a  r e g r e s s i o n  of  t h e  t ransformed 
i n t e g r a t o r  ou tpu t s  ln(M-t-1) on t h e  d i s t a n c e  from t h e  shore  was 
c a r r i e d  ou t .  The s i g n i f i c a n c e  of t h e  r e g r e s s i o n  c o e f f i c i e n t s  
was t e s t e d  us ing  a n a l y s i s  of  va r i ance  t e s t s  (e.g.  ZAR 1974) .  
Of t h e  26  t e s t s  c a r r i e d  o u t ,  16 were s i g n i f i c a n t l y  d i f f e r e n t  
from zero  (Table 3 ) .  Of t h e s e ,  1 2  were p o s i t i v e ,  i . e .  t h e  
echo i n t e n s i t i e s  i nc reased  wi th  d i s t a n c e  from shore ,  and 
f o u r  were nega t ive .  
Off t h e  Pakis tanean  c o a s t  ( s e c t i o n  1) f o u r  of t h e  
f i v e  t e s t s  were n o n s i g n i f i c a n t .  I n  t h e  Gulf of Oman 
( s e c t i o n  2 )  i n t e n s i t y  i n c r e a s e d  o f f s h o r e  on c r u i s e s  2 and 4 1  
b u t  decreased on c r u i s e  6 .  For t h e  o t h e r  c r u i s e s  t h e  t e s t s  
were n o n s i g n i f i c a n t .  Off t h e  Kuria Muria I s l a n d s  ( s e c t i o n  3) 
echo i n t e n s i t i e s  decreased o f f s h o r e  on c r u i s e s  4 and 6 and 
inc reased  on c r u i s e  5 .  I n  t h e  Gulf of  Aden ( s e c t i o n  4 )  and 
o f f  A l  Arar ( s e c t i o n  5 )  most c r u i s e s  showed a  s i g n i f i c a n t  
i n c r e a s e  i n  echo i n t e n s i t y  wi th  i n c r e a s i n g  d i s t a n c e  from t h e  
shore .  
Although n o t  obvious from t h e  s e c t i o n s ,  an inc reased  
echo i n t e n s i t y  was o f t e n  observed from t h e  200 m depth  contour  
and about 1-2 mi l e s  o f f s h o r e  o r  l e s s .  I t  seems, however, 
s a f e  t o  conclude t h a t  gene ra l ly  t h e  survey des ign  i n  r e l a t i o n  
t o  t h e  sho re  i s  of  minor importance compared t o  o t h e r  sources  
of var iance .  
The s e c t i o n s  o f f  Kuria Muria I s l a n d s  were run twice  
i n  A p r i l  1975. The mean and s t anda rd  d e v i a t i o n s  o f  t h e  i n t e -  
+ + g r a t e d  i n t e n s i t i e s  were 114.5 - 48.9 and 106.8 - 53.2 
r e s p e c t i v e l y .  A t e s t  c a r r i e d  o u t  on t h e  transformed d a t a  
[ ln(M + l ) ]  showed t h a t  t h e  two means were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  ( t  = 0.8 p  < 0.05) .  
ABUNDANCE ESTIMATES 
To e s t i m a t e  t h e  abundance of  mesopelagic f i s h e s  t h e  
mean i n t e g r a t o r  r ead ing  f o r  each of  t h e  a r e a s  A - I (F ig .  1) 
was m u l t i p l i e d  by t h e  s i z e  of  t h e  a r e a  o u t s i d e  t h e  200 m 
depth  contour .  For each of t h e s e  a r e a s  an average f i s h  
l eng th  was c a l c u l a t e d  (Table 4 ) ,  s o  t h a t  t h e  l eng ths  were 
approximately weighted by t h e  numerical  abundance i n  t h e  
l a y e r s  where t hey  were caught .  F i shes  t h a t  were only  
caught i n  bottom t r a w l ,  e .g .  Diaphus c o e r u l e u s r a r e  no t  
inc luded  i n  t h e  mean. Table  4 a l s o  shows t h e  s p e c i e s  mainly 
c o n t r i b u t i n g  t o  t h e  record ings .  When no samples were 
a v a i l a b l e  f o r  an a r e a r t h e  l eng ths  a t  s t a t i o n s  c l o s e  t o  t h e  
border  of t h e  a r e a  o r  t h e  l eng th  i n  t h e  same a r e a  a t  
ano ther  c r u i s e  conducted a t  t h e  same time of  t h e  yea r  was 
used. 
Based on t h e s e  mean l eng ths  an i n t e g r a t i o n  c o n s t a n t  
CW was c a l c u l a t e d  f o r  each a r e a  and each survey.  The more 
accu ra t e  method recomrnended by FORBES & NAKKEN (1972)when 
s e v e r a l  s p e c i e s  o r  l eng th  groups c o n t r i b u t e  t o  t h e  record ings  
was n o t  used,as  t h e  e x t r a  accuracy i s  probably n o t  j u s t i f i e d  
by t h e  d a t a .  The mean i n t e g r a t o r  r ead ings  r e f e r r e d  t o  
mesopelagic f i s h  i n  each a r e a  and f o r  each c r u i s e  a r e  shown 
i n  Fig .  9 and t h e  corresponding abundance e s t i m a t e s  i n  
Table 5. 
The t o t a l  abundance recorded du r ing  one survey v a r i e d  
between 56 m i l l i o n  tons  (summer 1977) and 148 m i l l i o n  tons  
( s p r i n g  1976) wi th  a  mean of 1 0 2  m i l l i o n  tons .  Both t h e  s p r i n g  
surveys  ( c r u i s e s  1, 2 and 4 )  gave h ighe r  abundances than t h e  
summer ( c r u i s e  5 )  and t h e  autumn c r u i s e s  ( c r u i s e s  3 and 6 ) .  
A s  i n d i c a t e d  by t h e  s e c t i o n s  (F ig .  7)r t h e  d i f f e r e n c e s  
i n  abundance between t h e  c r u i s e s  were t h e  same both  nea r  
shore  and o f f s h o r e .  A d i f f e r e n c e  i n  v e r t i c a l  d i s t r i b u t i o n  
between seasons  may g ive  a d i f f e r e n c e ,  a s  o b ~ e r v e d ~ i f  a 
l a r g e r  p a r t  of t h e  f i s h  i s  found below 450 m dur ing  summer 
and autumn than dur ing  sp r ing .  This should,  however, l e a d  
t o  a d i u r n a l  v a r i a t i o n  i n  abundance a s  most of t h e  myctophids i s  
supposed t o  r i s e  above 450 m dur ing  night t ime.  
The h i g h e s t  d e n s i t i e s  were u sua l ly  recorded i n  t h e  
Gulf of  Oman where the  mean record ings  v a r i e d  between 374 and 
118 mm d e f l e c t i o n ,  corresponding t o  approximately 88 and 
35 f i s h  o r  63 g and 25 g p e r  m2 s u r f a c e  a r ea .  The lowest  
d e n s i t y ,  9 mm d e f l e c t i o n ,  was recorded o f f  northbwestern 
Somalia du r ing  summer and corresponds t o  about 2 f i s h  o r  
5 g p e r  m2 s u r f a c e  a r ea .  
CATCH RATES 
Trawling was c a r r i e d  o u t  t o  i d e n t i f y  sound s c a t t e r e r s  
and t o  g e t  b i o l o g i c a l  samples and i n  a few cases  t o  compare 
a k r i l l  t r a w l  and a p e l a g i c  f i s h  t r a w l .  Although it was no 
s p e c i f i c  goa l  t o  g e t  l a r g e  c a t c h e s ,  h igh  ca t ch  r a t e s  were 
ob ta ined  a t  some s t a t i o n s .  26 s t a t i o n s  gave ca t ch  r a t e s  
h ighe r  t han  400 kg pe r  hour of t r a w l i n g  (Table 6 ) .  Of 
t h e s e ,  18 s t a t i o n s  gave ca t ch  r a t e s  of  1000 kg/hour o r  more 
and s i x  of  5000 kg/hour o r  more. The h i g h e s t  ca t ch  r a t e  
recorded was 20,000 kg/hour (st .  427) .  
Eleven of  t h e  s t a t i o n s  l i s t e d  i n  Table 6 were from 
t h e  Gulf of Oman (F ig .  g ) ,  s i x  from Pakis tanean w a t e r s ,  s i x  
from t h e  c o a s t  of  Arabia ,  two from t h e  Gulf of  Aden and one 
from south-west of  Socotra .  One of  t h e  s t a t i o n s  was taken  
w i t h  bottom t r a w l  and t h e  o t h e r s  w i t h  p e l a g i c  t r a w l .  
Th i r t een  of  t h e  s t a t i o n s  were taken  dur ing  daytime, twelve 
dur ing  n igh t t ime  and one a t  dawn. 
The s p e c i e s  composition was s t u d i e d  i n  24 of  t h e  
ca tches .  Benthosema pterotum was t h e  only  one o r  t h e  
d o m i n a t h g  s p e c i e s  a t  2 1  of t h e s e  s t a t i o n s  and - B. f ibu la tum 
a t  two of them. A t  one s t a t i o n  Diaphus spp. were most 
abundant . 
A comparison between t h e  1360 mesh p e l a g i c  t r a w l  
and t h e  k r i l l  t r a w l  showed t h a t  a l t h o u g h  t h e  opening o f  
t h e  k r i l l  t r a w l  was o n l y  a  q u a r t e r  o f  t h e  open ing  o f  t h e  
o t h e r  one ,  t h e  two g e a r s  caugh t  e q u a l  q u a n t i t i e s  o f  f i s h  
(ANON. 1 9 7 6 ~ ) .  T h i s  i n d i c a t e s  t h a t  a  l a r g e  p a r t  o f  t h e  f i s h  
e n t e r i n g  t h e  p e l a g i c  trawl i s  f i l t e r e d  o f f  th rough  t h e  
meshes, w h i l e  t h e  much s m a l l e r  meshes o f  t h e  k r i l l  t r a w l  
r e t a i n  a  l a r g e r  p a r t  o f  t h e  f i s h .  
BIOLOGY OF IMPORTANT SPECIES 
Benthosema p t e r o t u m  
B. p t e ro tum seems t o  grow t o  a  maximum s i z e  o f  
- 
a b o u t  50 mm, b u t  specimens l a r g e r  t h a n  45 mm a r e  r a r e .  
F i g .  10 shows t h e  l e n g t h  d i s t r i b u t i o n  o f  - B. 
p te ro tum caugh t  o f f  P a k i s t a n .  The d i s t r i b u t i o n  from c r u i s e  
3  i s  bimodal .  On c r u i s e  4 j u v e n i l e s  between 5  and 1 0  mm 
were caugh t  b u t  n o t  i n c l u d e d  i n  F i g u r e  10.  Between March 
1976 and June  1976 t h e r e  i s  a n  i n d i c a t i o n  of  g rowth ,bu t  
f i s h  t a k e n  i n  September t h e  same y e a r  a r e  s m a l l e r  a g a i n .  
F i g .  11 shows t h a t  a  p o p u l a t i o n  o f  B. p t e r o t u m  
w i t h  much l i g h t e r  c o l o u r  t h a n  t h o s e  commonly obse rved  
(GJØSÆTER i n  p r e p . )  caugh t  i n  t h e  Swatch had a  l a r g e r  mean 
s i z e  t h a n  t h e  da rk  c o l o u r e d  f i s h .  
F i s h  caugh t  i n  t h e  Gulf o f  Oman were s m a l l e r  than  
t h o s e  t a k e n  o f f  P a k i s t a n  ( F i g .  1 2 ) ,  w h i l e  t h o s e  t a k e n  i n  
t h e  Gulf o f  Aden were g e n e r a l l y  l a r g e r  (F ig .  1 3 ) .  They 
a l s o  had a  bimodal  d i s t r i b u t i o n .  
The r i n g s  i n  t h e  o t o l i t h s  commonly r e g a r d e d  a s  d a i l y  
growth zones (PANELLA 1974,  BROTHERS, MATHEWS & LASKER 1 9 7 6 ) .  
were coun ted  i n  s i x t e e n  o t o l i t h s  from - B. p te ro tum caugh t  
d u r i n g  c r u i s e  4 .  The zones were o f t e n  i n d i s t i n c t  and d i f f i -  
c u l t  t o  c o u n t .  F i g .  1 4  shows t h a t  t h e r e  was no i n c r e a s e  i n  
number o f  zones w i t h  l e n g t h  o f  f i s h ,  b u t  u n f o r t u n a t e l y  o n l y  
o t o l i t h s  from a d u l t  f i s h  w e r e  a v a i l a b l e  f o r  c o u n t i n g .  I f  
t h e  zones a r e  l a i d  down d a i l y ,  t h e y  show t h a t  t h e  f i s h  may 
r e a c h  i t s  maximum s i z e  i n  less t h a n  h a l f  a  y e a r ,  and t h e y  
- 1 4  - 
may have two gene ra t ions  a  yea r .  
The reproduc t ion  of t h i s  s p e c i e s  i s  s t u d i e d  by 
MAKHDOOM ( i n  p rep . )  who has shown t h a t  b reed ing  t a k e s  p l ace  
a l l  t h e  yea r  b u t  w i th  maxima i n  March - June and September - 
November. TheGe two reproduc t ion  pe r iods  may e x p l a i n  t h e  
b imodal i ty  i n  some of  t h e  l eng th  d i s t r i b u t i o n s .  I t  i s  
t h e r e f o r e  suggested t h a t  t h e  f i s h  l i v e s  more than  h a l f  a  
y e a r  and t h e  smal l  s i z e  of it makes it unreasonable t h a t  
it should l i v e  f o r  more than  one year .  
The type  of stomach con ten t s  were s t u d i e d  on c r u i s e  
4 .  Of 1 2 0  stomachs wi th  i n d e n t i f i a b l e  c o n t e n t s ,  85 contained 
copepods, 2 8  va r ious  c r u s t a c e a  l a r v a e ,  1 0  euphaus i ids ,  
7  gas t ropods ,  7  o s t r a c o d s  and 2 had e a t e n  amphipods. 
The s i z e s o f  117 food i tems from 1 4  f i s h e s  were 
measured. The mean s i z e  was 1.16 mm ( s p  = 0.52) and t h e  
range 0.50 - 2.83 mm. 
Records of degree  of f i l l i n g  and s t a t e  of d i g e s t i o n  
of  t h e  stomach c o n t e n t s  from f i s h  taken  a t  t h e  d i u r n a l  
s t a t i o n  i n  t h e  Gulf of  Oman a r e  shown i n  Fig .  15.  Stomachs 
w e r e  c l a s s i f i e d  a s  l: empty, 2 :  some c o n t e n t s ,  3: h a l f  
f i l l e d ,  and 4 :  f u l l  o r  extended.  The d i g e s t i o n  was c l a s s i -  
f i e d  as 1: newly i n g e s t e d ,  2 :  p a r t l y  d iges t ed , and  3: much 
d iges t ed .  A t  noon more than  50% of  t h e  f i s h  had empty 
stomachs and only 4 %  had f u l l  stomachs. The d i g e s t i o n  was 
w e l l  advanced ( 3 )  i n  more than  90% of t h e  f i s h .  
A t  t h e  f i rs t  n i g h t  s t a t i o n  taken two hours a f t e r  
t h e  s u n s e t ,  96% of t h e  f i s h  had newly i n g e s t e d  food i tems 
and about 55% of  t h e  f i s h  had f u l l  o r  extended stomachs. 
Only 8% were empty. 
The s t a g e  of d i g e s t i o n  inc reased  du r ing  t h e  n i g h t ,  
and i n  t h e  morning 62% of t h e  f i s h  conta ined  much d i g e s t e d  
food and 35% p a r t l y  d i g e s t e d  food. The percen tage  of  f i s h  
having f u l l  o r  extended stomachs reached a  maximum of  about 
64% a t  t h e  second n i g h t  s t a t i o n  (about  4 hours a f t e r  s u n s e t )  
and then  decreased s t e a d i l y .  Number o f  h a l f - f i l l e d  stomachs 
inc reased  du r ing  t h e  l a t t e r  p a r t  of  t h e  n i g h t  and reached 
a  maximum i n  t h e  morning. 
These d a t a  sugges t  t h a t  Benthosema pterotum f e e d  
most i n t e n s i v e l y  d u r i n g  t h e  f i r s t  p a r t  o f  t h e  n i g h t  and l i t t l e  
f eed ing  seems t o  t a k e  p l a c e  du r ing  daytime.  
B. f i bu l a tum 
- 
Length d i s t r i b u t i o n  of  - B. f i bu l a tum from t h e  Somalia 
toast (F ig .  16 )  shows a  growth i n  mean l e n g t h  between January  
1975 and October 1975. F i s h  t aken  i n  t h e  n o r t h e r n  Arabian Sea 
were much s m a l l e r  on bo th  c r u i s e s ,  b u t  t hey  a l s 0  showed growth 
between t h e  c r u i s e s  (F ig .  1 7 ) .  
O t o l i t h  r i n g s  w e r e  counted i n  twelve  specimens a l l  
caught  du r ing  c r u i s e  4 (F ig .  18)  and showed a  r a t h e r  c l o s e  
r e l a t i o n s h i p  t o  l e n g t h .  The r i n g s  w e r e  a l s o  c l e a r e r  and more 
d i s t i n c t  t han  i n  - B. pterotum. I f  t h e  zones a r e  l a i d  down 
d a i l y  they  sugges t  a  l i f e  c y c l e  o f  one y e a r ,  a l though  t h e  f i s h  
probably  may s t a r t  t o  b reed  when h a l f  a  y e a r  o l d .  
The s m a l l e s t  mature f i s h  found d u r i n g  c r u i s e  4  
measured 40 mm. Most o f  t h e  f i s h  caught  on c r u i s e  6 were 
r i p e ,  spawning o r  had r e c e n t l y  spawned. MAKHDOOM ( i n  p r e p . )  
found t h a t  - B. p te ro tum mainly spawn d u r i n g  A p r i l  - June and 
d u r i n g  September - November. 
D I S C U S S I C O N  
Although t h e  a c o u s t i c  p r o p e r t i e s  of  t h e  DSL have 
f r e q u e n t l y  been s t u d i e d  and " s c a t t e r i n g  s t r e n g t h  o f  w a t e r  
column" has  been measured (e .g .  HALL 1971, 1 9 7 3 ) ,  few a t t e m p t s  
have been made t o  use  t h e s e  d a t a  f o r  e s t i m a t i n g  biomass o f  
mesopelagic  f i s h .  BAIRD et g. (1974) measured volume- 
r e v e r b e r a t i o n  o f  a  DSL i n  t h e  Ca r i aco  Trench and g o t  e s t i m a t e s  
o f  d e n s i t y  of  f i s h  i n  r ea sonab l e  agreement w i t h  e s t i m a t e s  based 
on c a t c h  r a t e s .  McCARTNEY (1976) working o f f  Western A f r i c a  
concluded,  however, t h a t  a  c a l i b r a t e d  sounder  i n  t h e  range I 
10 - 30 kHz could  be a  u s e f u l  t o o l ,  b u t  " t h e  r eco rds  can be i 
l i t t l e  more t han  a  guide  t o  n e t  sampling programmes". 
Seve ra l  f a c t o r s  make t h e  Arabian Sea b e t t e r  s u i t e d  f o r  
abundance e s t i m a t i o n  of  mesopelagic f i s h  wi th  a c o u s t i c  methods 
than  most o t h e r  a r e a s .  F i r s t l y ,  most of t h e  biomass a s c r i b e d  
t o  mesopelagic f i s h  was d i s t r i b u t e d  i n  l a y e r s  above 400  mete rs ,  
which makes t h e  s i g n a l / n o i s e  l e v e l  favourab le  and which i s  
w i t h i n  t h e  TVG range of t h e  equipment used. Secondly,  t h e r e  
were few o t h e r  organisms a s  euphaus i ids ,  s e r g e s t i d  prawns o r  
siphonophores i n  t h e  DSLs. Th i rd ly ,  a l l  t h e  f i s h  s p e c i e s  
c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  t h e  biomass had g a s - f i l l e d  s w i m  
b l adde r s ,  making them good a c o u s t i c  t a r g e t s .  
The shal low p o s i t i o n  of t h e  DSLs probably i s  r e l a t e d  
t o  t h e  high produc t ion  and t h e r e f o r e  low t ransparency  of  t h e  
wate r  (DICKSON 1972) .  F a r t h e r  sou th ,  where t h e  produc t ion  
i s  lower,  t h e  DSLs a l s o  have a  deeper  p o s i t i o n  (BRADBURY d. 
Although t h e  t r a w l s  had no c l o s i n g  dev ice ,  t h e  a c o u s t i c  
netzonde made it p o s s i b l e  t o  s e e  whether t h e  t r a w l  caught  
t h e  organisms i n  t h e  DSL and whether t h e  ca t ches  from deep 
l a y e r s  were contaminated from more shal low ones. The i d e n t i f i -  
c a t i o n  of  t h e  DSL organisms seems t h e r e f o r e  r e l i a b l e .  During 
daytime t h e  ca t ches  from t h e  DSLs u s u a l l y  conta ined  myctophids 
w i th  only  smal l  c o n t r i b u t i o n s  from o t h e r  groups. On c r u i s e  1, 
however, come l a r g e  ca t ches  of  Synagrops sp .  showed t h a t  t h i s  
f i s h  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  DSL i n  t h e  Gulf of Aden, 
and on c r u i s e  4 a  s t a t i o n  sou th-eas t  of  t h e  Kuria Muria I s l a n d  
y i e l d e d  rnostly Champsodon sp .  But t h e  occurrence of  l a r g e  
q u a n t i t i e s  of t h e s e  f i s h e s  seemed t o  be r e s t r i c t e d  both i n  
t i m e  and i n  room. Sometimes t h e  ca t ches  from t h e  deepes t  DSL 
gave va r ious  Gonostomatidae, S te rnoptychidae ,  As t rones th idae  
and o t h e r  deep s e a  f a m i l i e s ,  b u t  g e n e r a l l y  they  were of minor 
importance. I n v e r t e b r a t e s ,  which a r e  sometimes supposed t o  
make up an impor tan t  p a r t  of  t h e  DSLs were seldom caught i n  
l a r g e  q u a n t i t i e s .  The same conc lus ion  was drawn by K I N Z E R  
(1969) working i n  t h e  no r th -eas t e rn  Arabian Sea. 
During n igh t t ime  it was more d i f f i c u l t  t o  d i s t i n g u i s h  
t h e  mesopelagic f i s h  from plankton organisms. To s o l v e  t h e  
problem,the s u r f a c e  plankton was supposed t o  g i v e  c o n s t a n t  
echo both day and n i g h t .  Therefore ,  when o t h e r  f a c t o r s  were 
s i m i l a r ,  t h e  i n t e g r a t e d  echo i n t e n s i t y  from p l ank ton  d u r i n g  
t h e  day was s u b t r a c t e d  from t h e  n i g h t  r e co rd ings .  Composition 
o f  t h e  t r a w l  c a t c h e s  and t h e  r e l a t i o n  between t h e  r e c o r d i n g s  
on t h e  38 kHz and t h e  120 kHz echo sounder  were a l s o  t aken  
i n t o  c o n s i d e r a t i o n .  The s i m i l a r i t y  i n  t h e  echo abundance o f  
mesopelagic  f i s h  o b t a i n e d  d u r i n g  daytime and d u r i n g  n i g h t t i m e  
seems t o  i n d i c a t e  t h a t  t h e  method used d i d  n o t  i n t r o d u c e  
s e r i o u s  b i a s .  
The t r a n s f o r m a t i o n  of i n t e g r a t e d  echo i n t e n s i t i e s  t o  
f i s h  biomass i s  a  d i f f i c u l t  p o i n t .  There a r e  many s t u d i e s  o f  
a c o u s t i c  p r o p e r t i e s  o f  myctophids and o t h e r  s m a l l  f i s h  ( e . g .  
McCARTNEY & STUBBS 1970, SHEARER 1970, DALEN, RAKNES & 
RØTTINGEN 1976, McCARTNEY 1976, NAKKEN & OLSEN 1977 ) .  These 
s t u d i e s  have shown t h a t  t h e  d e n s i t y  c o e f f i c i e n t  C becomes 
less dependent  on t h e  s p e c i e s  and on t h e  tilt a n g l e  a s  t h e  
f i s h  l e n g t h  d e c r e a s e s  towards t h e  wavelength.  I t  i s  a l s o  
known t h a t  f i s h  w i th  s w i m  b l a d d e r s  g i v e s  resonance  a t  f r e q u e n c i e s  
l y i n g  between approximate ly  
where Q i s  f i s h  l e n g t h  i n  c e n t i m e t e r s  and D i s  dep th  i n  
meters. When a  38 kHz sounder  i s  a p p l i e d  and t h e  dep th  i s  
less t h a n  abou t  400 m,  a f i s h  must t h e r e f o r e  be  s m a l l e r  t h a n  
abou t  1 .5  c m  t o  g i v e  resonance .  But t h e r e  i s  doubt  abou t  
what w i l l  happen when f i s h  l e n g t h  approaches wavelength.  
For  38 kHz wavelength i s  abou t  4 cm, and most o f  t h e  f i s h  
cons ide r ed  i n  t h e  p r e s e n t  s t u d y  i s  t h e r e f o r e  i n  t h e  c r i t i c a l  
zone. A l l  c a l c u l a t i o n s  a r e ,  however, based  on t h e  assumption 
b  t h a t  t h e  r e l a t i o n  C = c o n s t a n t  Q ( s e e  page 3 )  i s  a p p l i c a b l e  
t o  a l l  t h e  l e n g t h  groups  cons ide r ed .  
I n  t h e  Gulf o f  Oman t h e  a c o u s t i c  measurements i n d i c a t e d  
a  d e n s i t y  o f  25-63 Benthosema p te ro tum p e r  m2 s u r f a c e  a r e a .  
Supposing t h a t  t h e y  a r e  d i s t r i b u t e d  i n  two DSLs w i t h  a  t o t a l  
dep th  range o f  100 m ,  t h i s  cor responds  t o  abou t  0.3 t o  0.6 
f i s h  p e r  m3 i n  t h e s e  l a y e r s .  The d e n s i t y  i n  t h e  upper  l a y e r  
d u r i n g  n i g h t  may be o f  t h e  same o r d e r  o f  magnitude. 
2 The k r i l l  t r a w l  used  has  an  opening o f  a b o u t  320 m . 
If t h e  whole opening i s  c a t c h i n g  myctophids w i t h  100 p e r  c e n t  
e f f i c i e n c y ,  s t .  Nos. 449 and 450 b o t h  t a k e n  d u r i n g  n i g h t  
(Tab le  5 )  would i n d i c a t e  a d e n s i t y  o f  0.5 and 1 . 3  g m3 o r  0.6 
and 1 . 6  f i s h  p e r  m' r e s p e c t i v e l y .  A s t a t i o n  (No.419) t a k e n  
d u r i n g  daytime i n  t h e  upper DSL gave 6 .3  g m3 c o r r e s p o n d i n g  
t o  a b o u t  8 f i s h  p e r  m3 f i l t e r e d  w a t e r .  These f i g u r e s  a r e  
u n d e r e s t i m a t e s ,  a s  t h e  e f f i c i e n c y  o f  t h e  g e a r  i s  o b v i o u s l y  
less t h a n  100 p e r  c e n t .  These s t a t i o n s  w e r e ,  however, t a k e n  
i n  a r e a s  where t h e  d e n s i t y  was h i g h e r  t h a n  t h e  mean one f o r  
t h e  whole Gulf .  
Var ious  e s t i m a t e s  o f  p o p u l a t i o n  d e n s i t i e s  i n  DSLs 
I 
have been p u b l i s h e d ,  a l l  g i v i n g  much lower  v a l u e s  t h a n  t h o s e  
o b t a i n e d  i n  t h e  p r e s e n t  s t u d y .  JOHNSON e t  a l .  (1954) found 
--
a b o u t  one f i s h  p e r  1000 m3 o f  w a t e r .  Based on c a t c h  r a t e s  
B A I R D  e t  a l .  (1974) e s t i m a t e d  t h e  d e n s i t y  o f  Diaphus t a a n i n g i  
-7
3 i n  t h e  C a r i a c o  Trench t o  abou t  2 f i s h  p e r  1000 m . Based 
on a c o u s t i c  measurements t h e y  g o t  e s t i m a t e s  v a r y i n g  from 1 3  
t o  130 f i s h  p e r  1000 m'. CLARKE (1973) s t u d y i n g  myctophids 
2 i n  t h e  Hawaiian a r e a  g o t  a b o u t  0.55 f i sh /m b a s e d  on c a t c h  
r a t e s .  
From t h e  s i z e  d a t a  and t h e  c o u n t i n g  o f  o t o l i t h  zones 
i t  i s  t e n t a t i v e l y  concluded t h a t  t h e  two most i m p o r t a n t  
s p e c i e s ,  Benthosema p te ro tum and B. f i b u l a t u m  have a l i f e  
- 
c y c l e  o f  one y e a r  o r  s h o r t e r .  Few s t u d i e s  o f  t r o p i c a l  mycto- 
p h i d s  have been c a r r i e d  o u t ,  b u t  BAIRD -- e t  a l . (1974) concluded 
t h a t  b iaphus  taani 'ngi  r e a c h i n g  a s i z e  o f  a b o u t  40 mm p r o b a b l y  
had a one y e a r  l i f e  c y c l e .  LEGANG (1967) drew t h e  same con- 
c l u s i o n  f o r  Notolychnus v a l d i v i a e  r e a c h i n g  a b o u t  30 mm. 
B o r e a l  s p e c i e s  a s  S t e n o b r a c h i u s  l e u c o p s a u r u s  (SMOKER & PEARCY 
1970) and Benthosema g l a c i a l e  (HALLIDAY 1970, GJØSÆTER 1973) 
r e a c h  abou t  32 mm a f t e r  one y e a r ,  Myctophum a f f i n e  r e a c h  a b o u t  
36 mm (ODATE 1966)  w h i l e  Notoscopelus  k r o e y e r i  seem t o  grow 
a b o u t  80-90 mm d u r i n g  i t s  f i r s t  y e a r  o f  l i f e  (GJØSÆTER i n  p r e p . ) .  
The growth r a t e s  assumed f o r  t h e  Benthosema s p e c i e s  t h e r e f o r e  
do n o t  seem u n r e a s o n a b l e .  Consequent ly ,  t h e  y e a r l y  p r o d u c t i o n  
o f  t h e s e  s p e c i e s  i s  a s  h i g h  a s ,  o r  h i g h e r  t h a n  t h e i r  s t a n d i n g  l 
s t o c k  . 
From t h e  f i g u r e s  given by CUSHING (1973) t h e  mean 
primary produc t ion  i n  t h e  a r e a  covered by "Dr. F r i d t j o f  Nansen" 
i s  about 2 2 0  g ~ m - l  180 day-' i n  t h e  SW monsoon and 50 g ~ m - l  
180 day-' i n  t h e  NE monsoon. These va lues  can be conver ted  
t o  gram wetweight us ing  t h e  f a c t o r  0.065 ( s e e  CUSHING 1 9 7 1 ) ,  
-2 
and a primary produc t ion  about 4 . 2  kgrn year-1 i s  found. 
The a r e a  s t u d i e d  i s  about 1 .7  x 1 0  m2 and t h e  primary pro- 
duc t ion  i s  t h e r e f o r e  7.1 x l o g  t on  year-1. An assumed mean 
product ion of  mesopelagic f i s h  about  1 x l o 8  t on  y e a r  -1 
r e p r e s e n t s  t h e r e f o r e  between 1 and 2% of t h e  primary product ion.  
CUSHING (1973) a l s o  p re sen ted  e s t i m a t e s  of  secondary 
produc t ion ,  and us ing  h i s  f i g u r e s  t h e  secondary produc t ion  
i n  t h e  a r e a  s t u d i e d  i s  about 1 x 10' t on  year-1 o r  0.6 kgrn-2 
-1 yea r  . Thus, t h e  produc t ion  of  mesopelagic f i s h  i s  about 
1 0 %  of  t h e  secondary produc t ion .  I t  seems, t h e r e f o r e ,  t h a t  
i f  an e c o l o g i c a l  e f f i c i e n c y  of  1 0 %  a t  each t r o p h i c a l  l e v e l  
i s  assumed, t h e  mesopelagic f i s h  i s  u t i l i z i n g  t h e  e n t i r e  
secondary product ion.  
I t  has  been shown i n  o t h e r  a r e a s  t o o  t h a t  t h e  pro- 
duc t ion  of  mesopelagic f i s h  i s  h i g h e r  than should be expected 
from t h e  primary produc t ion  f i g u r e s  (CLARKE 1973) .  This  may 
p a r t l y  be expla ined  by h ighe r  e f f i c i e n c y  than 1 0 %  i n  oceanic  
wate rs  (e .g .  GRAZE 1970) o r  by produc t ion  by bac t e r iop lank ton  
(VINOGRADOV 19 7 3 ) . 
I n  t h e  no r the rn  p a r t  of  t h e  Arabian Sea myctophids were 
o f t e n  observed a t  very low oxygen concentra t . ions .  The same 
was observed by K I N Z E R  (1969) .  From s t u d i e s  i n  C a l i f o r n i a n  
wate rs  DUNLAP (1970) concluded t h a t  t h e r e  was no gene ra l  
r e l a t i o n s h i p  between oxyc l ines  and DSL. BAIRD -- e t  a l . (1974) 
found Diaphus - t a a n i n g i  i n  wate r  wi th  oxygen concen t r a t i ons  
about 0.35 m l / l  i n  t h e  Car iaco Trench. 
K I N Z E R  (1969) observed f u l l  stomachs wi th  c o n t e n t s  
showing on ly  s l i g h t  t r a c e s  of d i g e s t i o n  i n  Benthosema pterotum 
i n  t h e  oxygen minimum i n  t h e  Arabian Sea,  and concluded t h a t  
they f eed  on copepods i n  t h i s  l a y e r .  He a l s o  found a few 
Diaphus spp.  which were a l l  empty. BAIRD e t  a l .  (1975) con- 
--
c l u d e d  t h a t  - D. t a a n i n g i  from t h e  C a r i a c o  Trench f e e d  l i t t l e ,  if 
i 
a t  a l l ,  d u r i n q  dayt ime.  HOLTON (1969),who s t u d i e d  f e e d i n g  o f  
T r i p h o t u r u s  mexicanus,found mainly  empty stomachs d u r i n g  t h e  
day and he  wro te  t h a t  " i t  i s  p o s s i b l e  t h a t  t h i s  f i s h  does n o t  
c o n t i n u e  d i g e s t i o n  of  t h e  food it h a s  consumed i n  t h e  s u r f a c e  
w a t e r s  , b u t  r e g u r g i t  a t e s  t h e  u n d i g e s t e d  p o r t i o n  w h i l e  descen- 
d i n g  i n  o r d e r  t o  r e d u c e  m e t a b o l i c  oxygen needs  w h i l e  r e s i d i n g  
i n  oxygen minimum w a t e r s " .  The p r e s e n t  d a t a  show t h a t  t h e  
Benthosema s p e c i e s  do n o t  r e g u r g i t a t e  t h e i r  food when decen- 
d i n g .  I t  i s  n o t  c l e a r ,  however, whether  t h e  p r e s e n c e  of  l i t t l e  
d i g e s t e d  food sometimes found i n  t h e i r  stomachs i n d i c a t e s  t h a t  
t h e y  s t o p  d i g e s t i o n  t o  s a v e  oxygen o r  t h e y  f e e d  d u r i n g  day i n  
t h e  oxygen minium zone. 
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Table 1. Myctophid s p e c i e s  i d e n t i f i e d  from 
c r u i s e  1 t o  6 o f  R/V I1Dr, F r i d t j o f  
Nansen", xx dominant on one o r  more 
c r u i s e s ,  x presen t .  
Area 
Spec ies  A B C D E F G H I  
Elec t rona  r i s s o i  ( ~ o c c o )  
Hyao~hum ~roximum Becker X x x x x ~  
Benthoserna f ibulatum ( G i l b e r t  & Cramer) x .%x xx xx. X X xx 
B, pterotum (Alcock) xx xx xx xx xx xx xx X 
Myctophum ni t idulum Garman 
M, s~ inosurn  (S te indachner)  
X X 
X X X X  X 
M, aurola ternatum Garman X 
M, obtusi ros t rum ~ å n i n g  
(Bleeker)  
Symbolophorus evermanni  ilbe bert) 
Lampadena lurninosa (Garman) 
L, macropterus Brauer 
L, n o b i l i s  Tåning 
Bol in ich thgs  l ong ipes  (Brauer)  
Ceratoscopelus  warmingi ( ~ l i t k e n )  
X X X  X 
X 
l 
Table 2. Diaphus s p e c i e s  i d e n t i f i e d  from c r u i s e  1 t o  6 
l of R/V l tDr.  F r i d t j o f  Nansent1. 
l 
Spec ies  South of  North o f  
10' N lo0 S 
D. ashmeadi Fowler (?) + 
> 
D. coeru leus  Klunzinger + + 
D. diademophilus N a f p a k t i t i s  + 
D. garmani G i l b e r t  + 
D. l o b a t u s  N a f p a k t i t i s  + 
D. l u e t k e n i  Brauer + 
Table 3. Values of F and corresponding significance of analysis 
of variance tests of the regression of echo abundance 
on the distance from the shore. 
-i indicate increase and - decrease in echo abundance 
with increasing distance. 
ns not significant 
3 p < 0,05 
* *  p ( 0 , O l  


l 
Table 6. Trawl s t a t i o n s  wi th  c a t c h  r a t e s  o f  myctophids > 
400 kg/hour. P= p e l a g i c  trawl (1360 meshe-s), 
KT= kri l l  trawl, BT= bottom trawl. 
! Sg.nr. d a t e  a r e a  trawl dep th  t ime t o t a l  c a t c h  m y c t o p h ~  dominating 
c a t c h  mycto- pr. hour s p e c i e s  
kg ph id s  kg 
day 5210 
day 1500 
n i g h t  300 
day 610 
n i g h t  410 
day 2000 
day 250 
n i g h t  900 
n l g h t  1500 
day 800 
n i g h t  450 
day 450 
n i g h t  5000 
day 650 
day 300 
day 1500 
day 10000 
dawn 1000 
day 600 
n i g h t  300 
n i g h t  1500 
n i g h t  800 
n i g h t  1500 
n i g h t  500 
day 1000 
n i g h t  10000 
B. pterotum 
B. pterotum 
B. p terotum 
B. p terotum 
B. p terotum 
B. p terotum 
B. p terotum 
B. pteroturn 
B, p terotum 
E. p terotum 
B. pterotuin 
di ap hu.^ spp. 
B. p t e r o t u s  
5. p terotum 
B. p terotum 
E. pteroturn 
B. p terotum 
B. pteroturn 
B, pter0tv.m 
B. pterotuin 
i3. pterotum 
B, f ibu la tum 
Fig. 1 .  The i n v e s t i g a t e d  a rea .  A - I: t h e  subareas  
and 1 - 5: t h e  s e c t i o n s  r e f e r r e d  t o  i n  t h e  t e x t .  
TIME 
sun r ise  
Layer 
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Fig. 2. The v e r t i c a l  migra t ion  observed dur ing t h e  d i u r u a l  s t a t i o n  
i n  t h e  Gulf of Oman. March 1976. 1 .  schools  and very  dence 
agrega t ions .  2. dence record ings .  3. s c a t t e r e d  record ings .  
a - k: r e f e r  t o  t h e  echograms i n  Fig. 3. 
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Fig. 4, Five mi l e s  averages  of i n t e g r a t o r  d e f l e c t i o n  i n  mm p e r  
n a u t i c a l  mile  from the  d i u r u a l  s t a t i o n  i n  t he  Ghlf of Oman. 
Fig. 5. V e r t i c a l  d i s t r i b u t i o n  of  temperature ,  s a l i n i t y  and oxygen 
I 
a t  t h e  d i u r u a l  s t a t i o n  i n  t h e  Gulf of Oman, ' i 
l 
l 
l 
Fig. 6 ,  Depth of  DSL and v e r t i c a l  d i s t r i b u t i o n  of temperature ,  
s a l i n i t y  and oxygen from two s t a t i o n s  o f f  Pak i s t an ,  
1 
50 l&' 130 
DISTANCE N Ml LES ap 
Fig. 7 
Five mi l e s  averages  of 
i n t e g r a t o r  d e f l e c  t i o n  i n  
mm pe r  n a u t i c a l  mi le  a long  
f i v e  s e c t i o n s .  
A. s e c t i o n  1 ,  o f f  t h e  c o a s t  
of  Pak i s t an ,  
B, s e c t i o n  2, Gulf of Oman, 
C. s e c t i 0 n ~ 3 ,  o f f  t h e  Kuria  
Muria I s l a n d s ,  
D. s e c t i o n  4 ,  Gulf of  Aden 
and E. s e c t i o n  5, o f f  
e a s t e r n  Somalia. 
2 - 6: c r u i s e  number, 
lm, -kA* 5'0 1lro 1So 
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Fig,  7 C *  
Fig. 7 B. 
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Fig.  7 D. 
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Fig ,  8. Mean i n t e g r a t o r  d e f l e c t i o n  p e r  n a u t i c a l  m i l e  
t h e  9 s u b a r e a s  ( A  - I ) .  1 - 6:  c r u i s e  number 
A pelagic trawl 
o bottom trawl l 
7 5 O  O pel. trawl and 
Fig. 9. Map showing trawl s t a t i o n s  g i v i n g  more than  400 kg 
p e r  hour t r a w l i n g  o f  mesopelagic f i s h .  
? ~~ June - 76 1 N=200  
Fig .  10. Length d i s t r i b u t i o n  o f  Benthoserna p tero tum caugh t  
o f f  P a k i s t a n .  
Fig*  11. 
- 41 - 
LENGTH MM 
Length d i s t r i b u t i o n  o f  t h e  l i g h t  co loured  
p te ro tum caught  i n  t h e  Swatch. 
Morch - 76 
Fig.  12. Length d i s t r i b u t o l n  o f  Benthosema ptero tum 
i n  the  Gulf o f  Oman. 
Morch-75 
N=160 
2 0  
LENGTH MM 
Benthosema 
caught  
Fig. 13. Length d i s t r i b u t i o n  o f  Benthosema pterotum caught  
I i n  t h e  Gulf o f  ad en^ 
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Fig, 14. R e l a t i o n  between l e n g t h  and number o f  primary zones 
i n  t h e  o t o l i t h s  o f  Benthosema pterotum. 
1 
p a r t l y  d i g e s t e d  
Fig. 15. Diurual  v a r i a t i o n  i n  degree of  f i l l i n g  ( A )  and s t a g e  
of  d i g e s t i o n  (B)  o f  stomach c o n t e n t s  o f  Benthosema 
pterotum caught a t  the d i u r u a l  i n  t h e  Gulf of  Oman. 
N: noon; 1 ,2 ,3 ,4:  n i g h t  s t a t i o n s ;  M: morning. 
L ENGTH MM LENGTH MM 
Fig. 16. Length d i s t r i b u t i o n  Fig. 17. Length d i s t r i b u t i o n  
of Benthosema o f  Benthoserna f ibula tum 
f ibu la tum caught caught  i n  t h e  no r the rn  
o f f  Somalia. Arabian Sea,  
Fig. 18. R e l a t i o n  between l e n g t h  and nurnber of  primary zones 
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